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TECHNICAL NOTE 5252 


AN ANALYSIS OF THE STABILITY AND ULTIMATE BENDING 
STRENGTH OF MULTIWEB BEAMS WITH 
FORMED-CHANNEL WEBS 


By Joseph W. Semonian and Roger A. Anderson 
SUMMARY 


Design curves and procedures are presented for calculating the 
stresses for instability and failure of multiweb beams with formed- 
channel webs. The ultimate bending strength of this type of construc- 
tion is shown to depend upon the deflectional stiffness of the web 
attachment flanges. <A simple criterion is also given for predicting 
whether a multiweb beam with a given attachment-flange design will be 
susceptible to a wrinkling instability or will buckle as if the webs 
were integrally joined to the cover skins. 


The criteria for predicting buckling and failure stresses are com- 
pared with experimental data. These criteria are sensitive to the off- 
set, pitch, and diameter of the rivets used on the web attachment 
flanges, and the riveting specification is, therefore, emphasized as an 
important design consideration. 


INTRODUCTION 


Experiments have shown the existence of two distinct modes of insta- 
bility and failure for multiweb beams subjected to bending loads. One 
mode, referred to herein as local buckling, is characterized by longi- 
tudinal nodes along the joints between webs and cover skins. The other 
mode is evidenced by a buckle pattern with troughs and crests extending 
across the entire width of the beam and without formation of longitudi- 
nal nodes. This mode is referred to herein as wrinkling, by analogy to 
a form of instability which may occur in the face plates of compressed 
sandwich panels. 


In reference 1, design information for multiweb beams is presented, 
which is based on the assumption that the beam webs possess enough 
deflectional stiffness to enforce longitudinal nodes in the compressive 
cover skin when it buckles. Іп the tests of multiweb beams reported in 
reference 2, it was observed that, when local buckling occurred, the 
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buckling stresses correlated with the theory of reference 1. However, 
for beams of this series with formed-channel webs, wrinkling instability 
and failure were obtained. These tests, as well as the extensive experi- 
mental investigation of multiweb beams with formed-channel webs reported 
in reference 5, showed that, for а range of beam proportions, wrinkling 
instability and failure can occur at stresses far below those predicted 
by the local-buckling theory of reference 1. 


The first published theoretical analysis of wrinkling behavior in 
multiweb beams was given in reference 4. The appraisal and application 
Of this analysis, however, are handicapped by the lengthy procedure 
involved in calculating the buckling and failure stresses. 


The purpose of the present paper is to develop а simple method of 
calculating both the stress at which initial wrinkling occurs in multi- 
web beams and the ultimate bending strength of beams which are suscepti- 
ble to this mode of instability. The method makes use of ап expression 
for the deflectional stiffness of formed-channel webs, derived herein, 
and the stability criteria of reference 5, which relate the cover-plate 
buckling-stress coefficient to the effective deflectional stiffness of 
the supporting members. The calculation of the ultimate bending strength 
is based upon the concept, suggested in reference 2, that the beam cover 
may be treated as & wide column supported upon an elastic foundation. 


The analytical results are campared with the extensive test data 
of reference 5. Detailed analytical derivations are confined to the 
appendixes of the paper. 


SYMBOLS 
ba width of cover skin between rivet lines of webs 
bw web depth measured between center lines of attachment flanges 
De flange flexural stiffness per unit width, n 
12 (1 - ue 
Et. 
Da cover-skin flexural stiffness per unit width, = 5 
ied?) 
Et, 2 
Dy web flexural stiffness per unit width, 5 
12(1 - y 


E Young's modulus of elasticity 
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Евес 


Etan 


f 


secant modulus of elasticity 
tangent modulus: of elasticity 


distance between web plane and a line along which rivets 
effectively clamp attachment flange to cover skins 


amplitude of sinusoidally distributed lateral load 


failure-stress coefficient 


buckling-stress coefficient for cover skin 
compressive load per unit width acting in x-direction 
thickness of attachment flange 

thickness of cover skin 


web thickness 
coordinate axes in length and width directions, respectively 


rotational stiffness per unit length of web (moment per unit 
length required to produce rotation of 1 radian) 


plasticity coefficient for beam in failure mode, Ash 


plasticity coefficient for cover skin 


plasticity coefficient for web 


b 
= түш 
Ө * sje ет 


Л 
u 


90 


РОННИ ee ee ee 


half wave length of sinusoidal deflection; also, buckle length 
Poisson's ratio 


failure stress for cover skin determined from column analysis 
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бег buckling ог wrinkling stress 
Ъ 
S/N 
p-2x-—/— - 1 
x | dg VES 
y deflectional stiffness per unit length of support 


Vi» Vo measured deflectional stiffnesses per unit length of web 


y! substitute deflectional stiffness per unit length of support 
za nondimensional rotational restraint parameter 

3 
ybg 


nondimensional deflectional restraint parameter 


OLRUCTURAL ANALYSIS 


The present analysis of multiweb beams is based upon an idealization 
of the compression skin as a plate restrained against deflection by 
elastic-line supports of equal stiffness. The structural idealization is 
illustrated in figure 1, where the web members are shown replaced by 
elastic supports which have а deflectional stiffness ү per unit length 
of support. 


The analysis is divided into three sections. The first section is 
devoted to initial instability in the wrinkling mode. The concepts 
developed in the first section are verified experimentally in the second 
section, whereas in the third section these concepts are used to develop 
а criterion for the ultimate bending strength of multiweb beams. 


Initial Instability 
The wrinkling mode of instability, as it can occur in multiweb 
beams, is shown in figure 2. In this form of instability, longitudinal 
nodes are not formed, and the buckle deflection extends across the entire 
width of the beam with only slight decreases in amplitude at the spanwise 
web joints. 


In reference 5, the following stability criterion was derived in 
terms of ү, the deflectional stiffness per unit length of support: 


—— — == -.. — 
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НЕНИЯ Lee ee (1) 
x Da sin Ф sinh 9 


The nondimensional deflectional restraint parameter is a measure 


Vos 
х; 
ОҒ the resistance with which the supporting members (in the present case, 
the formed-channel webs) oppose deflection of the compression cover of 
the beam. Іп order to apply this criterion to an actual structure, the 
deflectional restraint parameter must be evaluated for the supporting 
members of that structure. 


By assuming that the web attachment flanges act as cantilever-type 
connections between the webs and cover skins, the following expression 
for the resistance with which а formed-channel web opposes cover deflec- 
tion is derived in appendix А: 


= аа 
E ИНЕГ РСА bw Dw И 
ог ғ ay 0 (2) 
x "Ds bw tV a wm m 
bs/ts ж 
ba? 
In this equation, the deflectional restraint parameter is given 
x 
S 


in terms of the structural dimensions of the beam and the effective rivet 
offset distance f. The effective rivet offset distance, or, more 
briefly, the f-distance, is defined аз the distance from the web plane 

to the line along which the rivets effectively clamp the attachment 
flange to the cover skin. It is seen from equation (2) that the capacity 
of & formed-channel web to resist cover buckling is largely determined 
by the f-distance. Та addition to being а function of the actual offset 
distance of the rivet center line, the f-distance is influenced by all 
the factors which affect the clamping of the attachment flange to the 
cover skin, such as rivet pitch, diameter, and head dimensions. The 


parameter = in equation (2) is a measure of the rotational-edge 


restraint which the web of the channel offers the flange and is a function 
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of the web stress and the wave length of buckling. It is numerically 
equal but opposite in sign to the quantity є in reference 1 and may 
be evaluated from figure 9 of that paper. 


Equations (1) and (2) may be solved simultaneously to obtain the 
buckling-stress coefficient for the wrinkling mode Ка in terms of the 
beam dimensions. Such calculations have been made and the results are 


presented as buckling curves in figure 5. Although the two ratios P 


and PPS used for the buckling curves are not sufficient to determine 
5/ "5 

beam proportions, calculations indicated that they аге sufficient to 

determine the value of the buckling coefficient. 


When the curves from reference 1 for the local buckling-stress coef- 
buf бн 
Dg [tg 
together for most of the design range that, for purposes of comparison, 
they may be represented by a single curve, as in figure 5. This curve, 


then, defines the boundary between wrinkling and local buckling. From 
figure 5, it may be verified that, in order to avoid a wrinkling insta- 


t 
bility, the product £ (Pu/ ay or, simply, = = must be less than 
by \bs/ts ty Ps 


ficients are plotted against the parameter ; they lie so close 


approximately 0.18. For values greater than about 0.18, wrinkling will 
be the governing mode of instability. 


The sensitivity of the wrinkling-stress coefficient to the f-distance 
is evident from the curves of figure 5. In most beams, the f-distance is 
& fraction of an inch and, therefore, seemingly small changes in the rivet 
offset, pitch, апа diameter сап produce substantial percentage changes 


in = and, thus, in beam wrinkling stress. For example, the effect of 


changes in the offset of the rivet line from the web plane, caused by 
changes in flange bend radius, has been illustrated by the tests reported 
in reference 6. Similarly, it appears that test data (of which ref. 7 is 
representative) on the influence of rivet pitch and diameter on the com- 
pressive strength of skin stringer panels also reflect the effect which 
changes in the effective rivet offset distance have on panel strength. 

An analysis of this extensive data from the standpoint of relating the 
effective rivet offset distance to the riveting specification for the 
flange would be desirable. 


One approach to the evaluation of the f-distance for & given flange 
design is discussed in appendix B. This method is based upon experimentally 
measured values of flange stiffness obtained under a simple loading condi- 
tion, and, &t least for the beam proportions of reference 5, appears to 
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give satisfactory results. А comparison of the experimental data Рог 
multiweb beams with the buckling theory in terms of the f-distance con- 
cept is presented in the next section. 


Experimental Verification of f-Distance Concept 


The data of reference 4 were obtained in pure-bending tests of 
multiweb beams with channel-type webs which had been cold formed from 
75S-T6 aluminum-alloy sheet 0.051 inch thick to bend radii of four times 
the web thickness. The tests аге divided into three groups corresponding 


ty. 
to ratios of web thickness to skin thickness = of 0.27, 0.11, and 0.63. 
5 


In each group, the attachment flange and rivet pattern used оп the beams 
had the same design specifications; hence, a constant value of i should 
W 


apply to all beams with a given ratio и. 
5 


In the group of 20 beams with tW = 0.81, а wrinkling instability 


tg 
was observed in 10 beams. These 10 beams had ratios of skin width to 


: 
skin thickness = of 25 and 40 and had ratios of channel-web depth to 
8 


Ъ 
мер thickness d of 50, 40, 60, 80, and 120. Beams with С" ho 


end 60 ара PW. 30, 40, 60, 80, and 120 were observed to buckle locally. 
All beams buckled in the elastic-stress range of the material. 


Buckling-stress coefficients can be computed for the beams from the 
experimental buckling stresses by using the equation 


2 
Onan tab 
ka = ors 5 (5) 
“Пе 


А comparison ОҒ these experimental buckling-stress coefficients 
with wrinkling theory is shown in figure 4. The solid curves represent 


= = Y (£ = [ty was experimentally determined for this flange design 
W 
by the method of appendix B) . Correspondingly, the curves are labeled 


with values of ii. Mn M and so forth. When the product Е. by oy Wy 
by 2055 by bg/ts 
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becomes greater than 0.18, the test data (solid symbols) follow the 
trend of the curves for the wrinkling theory. The open symbols, rep- 
resenting beams which buckled locally, appear to correlate with the 
theory of reference 1, represented by the dashed curve. 


The agreement between experimental data and the curves of figure 4 
indicates the validity of a stability analysis based upon the effective 
rivet offset distance of the web attachment flanges. Іп the next sec- 
tion, an extension of the analysis makes use of this concept of flange 
stiffness to establish a criterion for ultimate strength. 


Failure Criterion 


The experimental data of reference 5 show that, when wrinkling 
instability occurs in a beam, a compressive failure of the cover skin 
may be anticipated at a slightly higher load. The mode of failure 
(illustrated in fig. 2(b)) suggests, by its cylindrical deflection shape, 
a failure analysis based on column action of the cover. For this analy- 
sis, the cover is again idealized as shown in figure 1, except that it 
is restrained to buckle into & cylindrical surface. The buckling load 
for this idealized structure should then be tantamount to the failure 
load for the cover of the actual beam and readily calculated from the 
4 ОҒ a column deflectionally restrained by а continuous medium 

see ref. 8). 


The stability criterion for the cover idealized as a wide column 
may be written 


2 2 

бо бада ура 
where the failure-siress coefficient ka equals ————, and --- 

тр x «D 

х 1595 1595 
the channel-flange restraint parameter. (та order to include the effects 
Of plasticity in the analysis, an effective cover flexural stiffness 
NgD, is used in equation (%).) An expression for the channel-flange 


restraint parameter appropriate to an ultimate-strength analysis for the 
cover is given by 


is 


12 W f 
yb в 26+ 
ge NEP RUE (5) 
х 1505 by/ tw (Эу 5 =+} 
55/%5/ Ww 
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In equation (5), a constant value of 5 has been substituted Рог the 
parameter ан (see eq. (2)) which measures the continuity restraint 


existing between the flange and web of the channel. (although variations 
in ору due to the influence of web stress and wave length of deforma- 


Dy 
tion have an effect on the initial buckling stresses for beams of vari- 
ous proportions, particularly when buckling tends to originate in the 
beam webs, the experimental data of reference, 3 indicate that the stress 
for compressive failure of the cover is relatively unaffected by these 
variations. In the light of the experimental data, a value of 3 appears 
to be reasonable for the restraint parameter. This value corresponds to 
the stiffness of the web when subjected to a uniformly distributed moment 
along the edge joined to the flange.) With this change, equation (2) for 
flange stiffness becomes independent of stress and wave length. 


Tf equation (5) is substituted into equation (4) and the failure- 
stress coefficient Кс is minimized with respect to wave length, the 
stress in the cover at failure may be expressed in the familiar form 


"EE 2 (8) (6) 
: 12 (1 - y?) bs 


where the failure-stress coefficient is given by 


1 
— 5 ар" 1 ° 
= x by (7) 
5 554 
БЫ) (е) 


п = Лт (8) 


From Stowell's formulas (ref. 9), appropriate values for Ng and my, 


the plasticity coefficients for the cover skin and webs, respectively, 
appear to be 


—— - --- ee -—- 
ee ——— — — 
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E E 

_ 1 “sec , 5 “tan 

ЗП Е YA (98) 
" Esec 
Ww = EF (9b) 
which gives 

1 

_ Евес 1 5 Etan)? 
qe k t Ee (10) 


А comparison of the cover failure criterion with experimental data 
for beam failure is presented in figure 5. Experimental failure-stress 
coefficients calculated from beam failure stresses by using equation (6) 
are plotted for the same group of ten beams whose wrinkling-stress coef- 
ficients are plotted in figure 4. The family of curves is a plot of 


equation (7) for various values of e The values of £ used in fig- 


by 
ures 4 and 5 are the same. Consideration of these two figures shows 
that, for beams with a known effective rivet offset distance, both fail- 
ure and buckling stresses are adequately predicted by the present analy- 


е) 

sis, апа that the ratio < may be as large as 1.7, although for a 
сг 

limited range it is essentially unity. 


A broader comparison of the failure criterion with the failure- 
stress coefficients for the beams of reference 4 which developed a 
wrinkling instability is possible if an assumption is made with respect 
to the effective rivet offset distance for the beams. For the group of 


beams with к 0.11, the procedure of appendix В indicated that E 7 
5 ] 
was applicable; the corresponding value of f is coincident with the 
distance between the web midplane and the near edge of the rivet shanks. 
The other groups of beams had somewhat different rivet diameters but had 
the same small ratio of rivet pitch to diameter of 3 and had the same 
bend radius of 4t, between the attachment flange and web. Because of 


these similarities, it appears reasonable that the value of f for the 
Other groups of beams may also be taken as the nominal design value of 
the distance between the web midplane and the near edge of the rivet 
shanks. The relationship between calculated and experimental failure 
stresses based on this approximation is shown in figure 6. The test 
results fall mainly within a tlO-percent scatter band. Test points 
which fall outside the scatter band were also noted to be out of line 
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іп the plots of failure stress given in reference 5. It appears from 
this figure that, as a conservative estimate for cover failure in multi- 


web beams for which £8) > 0.18, а compressive stress equal to 90 per- 
W 


cent of the value calculated from equations (6) and (7) may be used. 
CONCLUDING REMARKS 


Methods have been presented for correlating the wrinkling behavior 
of multiweb beams with the stiffness characteristics of the web members. 
The theory indicates that the stress for initial buckling, as well as 
failure, is greatly influenced by the deflectional stiffness of the. web 
attachment flanges. Because small changes in the effective rivet offset 
distance f cause substantial changes in flange stiffness, the riveting 
specification is an important design consideration. 


For evaluating attachment-flange stiffness, a procedure is sug- 
gested which has as its objective the determination of the distance 
from the web plane at which a given rivet pattern effectively clamps 
the attachment flange to the cover skin. Іп light of the present theory, 
this objective may be furthered by an analysis of existing data on com- 
pression panel strength as influenced by rivet pattern. 


A comparison of test data for beams having formed-channel webs of 
thickness ty with the wrinkling analysis shows satisfactory correla- 
tion. Тһе analysis predicts that, for this type of multiweb construc- 


t 

tion, the quantity m must be less than about O.18 to avoid & 
W "S 

wrinkling instability and, hence, to achieve the buckling stresses pre- 

dicted by the integral beam theory of NACA TN 1225. This criterion 

becomes increasingly difficult to satisfy in beams with formed-channe.. 


webs as 28 is decreased, and the tests and theory show that the accom- 
5 
panying reduction in ultimate bending strength can be substantial. 


Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 
Langley Field, Va., June 2, 1954. 
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APPENDIX А 


EVALUATION OF DEFLECTIONAL STIFFNESS 


FOR FORMED-CHANNEL WEBS 


An expression for the deflectional stiffness of channels can be 
derived from a consideration of the deformation of the channel flange 
attached to the compression skin of the beam. At а distance f from 
the midplane of the channel web, the flange is considered to be com- 
pletely fixed to the cover skin and to possess an elastic deflectional 
stiffness for small deflections. This stiffness may be evaluated by 
subjecting the flange to a sinusoidally distributed depthwise load of 
amplitude g in the presence of the appropriate longitudinal stresses 
in the channel. 


Figure T(&) shows the loading on the channel when wrinkling of the 
cover skin is initiated. The longitudinal loading is that part of the 
applied bending stress carried by the channel during pure bending. The 
sinusoidally distributed depthwise loading is applied to the flange at 
a distance Ғ from the web midplane, and the ratio of this load to 
flange deflection is the desired deflectional stiffness ү. Although 
in tbe beam the compressive half wave of the loading may lie closer to 
the web than the tensile half wave, it appears valid to assume а con- 
tinuous etraight-line loading when the rivet line is close to the bend 
radius of the channel. 


The calculation of a value of y for given values of f, A, and 
bending stress is facilitated by idealizing the channel and resolving 
it into component parts as shown in figure 7(b). The distortion of 
these parts at one cross section is illustrated in figure 7(c). Тһе 
edge of the flange at у = О is assumed to be supported against deflec- 
tion by the web of the channel and elastically restrained against rota- 
tion by sinusoidally distributed edge moments. The edge moments can be 
replaced by a rotational spring stiffness a which represents the resist- 
ance to rotation which the web offers the flange and is a function of both 
the wave length of deformation and the longitudinal stresses present in 
the web. The edge of the flange at y =f is subjected to a sinusoidal 
depthwise load and is free to take оп a deflection w(x,f), but main- 
tains a zero slope to match the wrinkling mode (case ТТТ of ref. 5) of 
the cover skin in a multiweb beam. 


The deflected shape of the flange may be described by the function 


м = sin 22 an sin 217 (А1) 
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which satisfies the condition of oe = О at у=? and w-O at 
y 


y = О. The energy stored in the flange when it is distorted may now 
be written 


^ А? e 
с о 8 


Р 
Me 
@ 
o 
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ој 
+ 
Б 
no 
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Тһе energy stored in the rotational restraint is 


AA уо À 2 2 __2 
Us = a | ду ах = 3I B XL gin хх ах = 14 AB А 
та О СЕ Jo | И 25) (А) 


where 


B= > ауп (ді) 
п-1,5,5 


The work done by the uniform load N during flange distortion is 


^ af | 
2 
n-Ef J (S ах ду = 1 12 f E. wi (A5) 
о YO \9х 


The work done by the sinusoidal lateral load & is 


A Л 
V5 - | g зір IŽ w(x,f)dx = в | А Sin? XX ax = ag A (A6) 
0 А О А 2 


where 


1h NACA TN 5252 


Or 


А = > Әл, біп > (A7) 
The total potential energy is 

T = U + Up - V4 - Vo 
or 


ER 


Me 
Bro 


2 
1 n? 2 1 С 242 
= + 5С В ЗЕ р с ыр (AB) 
п-1,5,5 ( | M 


2 
where kp = Ше” The flange stiffness which is defined as ү = h is 
х2рр 


then found by minimizing the potential energy subject to the constraining 
relations in equations (Ah) and (AT). The expression to be minimized is 


а= т -A р a, sin - А ез agn - В (А9) 
n-1,5,5 n-1,5,5 


where Лу and A аге Lagrangian multipliers. Minimization with respect 
to ап, А, and В leads to the following set of equations: 


99 _ 1 2 -к ii in BX _ = 
а. E род А гуд = 0 (a11) 


ee mm cd 
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99 _ в af 
OB 


5 ВР + A, = 0 (А12) 
X Dr 


which must be satisfied simultaneously with tbe constraining relations. 
Equations (A10), (А11), ала (А12) may be solved for a,, А, and B, 


respectively, and those expressions substituted into equations (AL) 

and (AT). Тһе results аге two simultaneous homogenous equations which 
define the flange stiffness in terms of the stresses in the web and tbe 
wave length of deformation: 


2 nx nx 
Ay sin ji 1 Р ^o n sin 5 20 
^ [n-1,5,5 - él ke „2 | 2 2-3,5 (2 3 ЕЗ 
p? +H "UM pe h в2 
(А15) 
ді n sin 2 Ap n? 2 0 
2 cn те. Xi cuc ee ВЫ 
=1,2,2 i + пе , ke п-1,5,2 1 д, ne n ke 5 
p^ wj pe 927%) 7р2 De 
(А11) 


At this point it is worthwhile to examine the effect of simplifying 
the analysis by assuming that the longitudinal bending stiffness of the 
flange can be ignored in computing the distortion of the flange. The 
effect of the longitudinal bending stiffness will be small if the ratio 


В = А is large, аз is the usual case іп multiweb beams. This ratio 
appears in the solution as і, а small number, апа may be set equal to 
pe” 


zero Without a serious loss in accuracy. With this simplification, 
equations (A15) and (All) become 


E пл 
Ay 1 1 Др Ва. 
5 У oe 2- 
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пл со 
AL yA ВА аг Ap ne 2 E 
2.055 y 55s ey AA 
—1L525 (22) n-1,5,5 e: 5 
+ l n- De 


With the identities 


а 
n-1,5,5 nit Э 
X ne 
п=1,5,5 25^ 8 
n-l 
(-1) 2 _ 3 
п=1,5,5 п2 22 


the infinite series of equations (А15) and (А16) may be written in closed 
form as 


" 5 
2 жеу ФЕ (ат 
2 yi 
i 
А 
2. p 2+2 \-0 (A18) 
хе 


Equations (А17) апа (A18) can now be combined and solved for the 
deflectional restraint parameter: 


KL da = (a19) 
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When the thicknesses of the flange and the web are equal and the 
moduli of elasticity of webs and cover skins are equal, equation (A19) 
can be written 


12 £ W 
w tt мм WA 
28 (ow ti? (+) Инь 
54/5 (%) 


Substitution of this expression into equation (А28) of reference 5 
(which has been plotted in fig. 7 of ref. 5) yields the following sta- 
bility criterion for multiweb beams: 


* kg 


12 г aby 2 А 
іе E LEN IDEE N 0 ле — 
xt бұ Dy И T NEU SEN (А21) 
/ Prey? 2 у у sin 9 sinh 9 
ғу > — Ф Ө 
ше 89 Pw Dy l - сов Фф 7 І - cosh Ө 


18 МАСА TN 3232 
APPENDIX B 
DETERMINATION OF f~DISTANCE 


The method suggested herein for evaluating f (the distance between 
the web plane and a line along which the rivets effectively clamp the 
attachment flange to the cover skins) may be expected to yield valid 
results if the rivet pitch is small enough so that several rivets are 
included in each buckle length. Essentially, the method consists of 
experimentally measuring the stiffness of a web and its attachment flanges 
under a uniformly distributed depthwise loading (and when the compressive 
and tensile stiffnesses are not equal, calculating a substitute stiffness) 
and then calculating the value of f required to give this value of stiff- 
ness. The value of f so calculated is then treated as the effective 
rivet offset distance which can be used in equation (A20) when the web 
stiffness under a depthwise loading which is sinusoidally distributed 
along the length of the flange is being determined. 


The stiffness test is carried out on a section of channel web long 
enough to include six or more rivets on each flange, so that a reliable 
average of the stiffness per unit length of channel can be obtained. 

The flanges of the channel аге riveted to plates by using the same rivet 
diameter, pitch, and offset as were used in fabricating the multiweb bean, 
and these plates are fixed to the platens of a testing machine.  Load- 
deflection curves are determined for the specimen under a tensile loading 
as well as under a compressive loading. The stiffnesses of the channel, 
as determined by the initial slopes of the load-deflection curves, in 

the two directions of loading are denoted by y1 and Wo, where үу 


refers to the greater of the two stiffnesses. 


Inasmuch as a single value of f is required for entering the 
buckling-stress curve in figure 5, it is necessary to define a single 
value of web stiffness y' to be substituted for the two measured 
values y, and Vo: The substitute stiffness y! is defined as the 


single stiffness which would absorb the same energy as a web with unequal 
stiffnesses ү апа Vo when subjected to a sinusoidally distributed 


deflection of unit amplitude. 


The condition of equal energies of deformation is given by the 
following equation: 


ы: с! с! 
Bf Бе + [ e^ a- | ео] к n 
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in which the integration is performed over а full wave length of deforma- 
tion 2A, where 2A = (Ъ' - а!) + (c' - Ъ'), and а', Ъ', and с! corre- 
spond to points of zero force. Equation (Bl) may be solved for the sub- 
stitute stiffness with the use of the following expressions for the 
deflections: 


W = 8g + sin = (B2) 


w' = sin oe (B3) 


The displacement ао in equation (B2) is determined by the condition 


that the deflecting forces in a full wave length must be in static 
equilibrium; whence, 


b! e" 
уг | w(x) de + vy | w(x) dx = 0 (Ві) 


а! 


If equations (B2) and (B3) are substituted into equations (Bl) and (Bh), 
the following parametric equations are obtained: 


1 
t = (1 + 27) вїп®лу + 2 sin xy cos xy + 227 + 
2 


m - 27) sin?xy - 2 sin лу сов xy + «xU (B5) 
2 
Vo у COB лу - (1 - 27) sin xy (в6) 
Wy 2 cos ny + (1 + 27) sin лу 
Y2 


where y is defined by ас = sin лу. A relationship between a and ү 
has been calculated from these equations and is plotted in х 8. Іп j 
this figure, a maximum value of y' equal to Wo is indicated when the 
ratio 42 approaches zero; however, Рог most channel webs, the ratio - 
сап Бе e to Бе сіове to unity. ° 


ра а ра Аа аи —— -—- 
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А value of f which would produce а value of web stiffness equal 
to ү' may now be computed from the general equation for web stiffness 
given as equation (A19) in appendix A. Іп order to make this equation 
correspond to the loading in the channel stiffness test, the value of а, 
is set equal to әр, бү, the resistance of the web to a uniform distri- 


bution of edge moments which are equal but opposite in sign, and the 
right-hand side of equation (A19) is divided by 2 to account for the 
fact that, in the stiffness test, both the top and bottom flanges par- 
ticipate in the deflection. The resulting relation between y' and f 
when the flange and web thicknesses are the same is then given by 


"we | 6 [2 тады ) 


С 


A similar equation is readily derived from equation (А19) for the 
case in which the flanges of the channel are a different thickness from 


(ВТ) 


the web. For convenience in obtaining a value of > for a given value 


y' 
of ы” equation (B7) has been plotted in figure 9. 
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(a) Buckling. 


(Ъ) Failure. L-91892 


Figure 2.- Wrinkling mode of instability in multiweb beam. 
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Figure №.- Comparison of experimental buckling-stress coefficients with 
buckling theory. ty/ts = 0.41. Solid points represent specimens 


which wrinkled; open points represent specimens which buckled locally. 
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Figure 5.- Comparison of cover failure criterion with experimental data. 
ty/tg = 0.11; bg/tg = 25, 50; by/ty = 30, 40, 60, 80, 120. 
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Figure 6.- Comparison of cover failure criterion with experimental failure 
stresses. ty/tg = 0.27, 0.11, 0.65; bg/tg = 25, 50; bu/ tw - 50, ho, 
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(а) Loads on channel. (b) Idealized channel. (c) Distortion of idealized 
channel. 


Figure 7.- Loads and deformations used in calculation of effective stiffness of channel-type webs. 
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Figure 8.- Relationship between values of substitute stiffness and measured 


stiffness. 
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Figure 9.- Relationship between substitute. stiffness and f~distance for 


channel-type webs. 
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